4 The distribution patterns of aminergic and cholinergic nerve fibers in the feline spinal cord blood vessels were studied by means of amine histofluorescence and acetylcholinesterase (ACHE) staining. These patterns were compared with those of the cerebral blood vessels. The anterior spinal artery had a dense network of aminergic and AChE-positive (probably cholinergic) nerve fibers. The posterior spinal vein, in contrast, exhibited only aminergic nerve fibers. Small intraparenchymal blood vessels in the spinal cord also had strongly fluorescent (probably peripheral) aminergic nerve fibers, as well as pial spinal blood vessels. This was a characteristic feature in the spinal cord. The distribution pattern and the density of these two sorts of nerve fibers in the anterior spinal artery varied widely with the individual segment of the spinal cord. The thoracic spinal cord had the lowest number of these nerve fibers of any part of the spinal cord. This fact may explain why the thoracic spinal cord is most susceptible to ischemic change.
I
T is well known that cerebral arteries are innervated by both the peripheral aminergic and cholinergic nervous systems. 5,~,11,16,27,2s Besides these innervations, peptidergic neurons (that is, vasoactive intestinal peptide) and substance P exist in the cerebral arterial wall. 8, 33 The attention of some investigators has also focused on the cerebral vein. 1,2,s,2s Edvinsson, et al.,S demonstrated that three types of nerve fibers containing noradrenalin, substance P, and vasoactive intestinal peptide are present in the cerebral venous wall as well. Nakakita, et al., 26 recently revealed that cerebral veins have no cholinergic nerve fibers.
Although much has been learned about the neurogenic innervation of the cerebral blood vessels, as mentioned above, there has been a lack of morphological information on the neurogenic innervation of spinal cord blood vessels. Ogushi 29 and McNicholas, et al., 24 have demonstrated sympathetic innervation of the spinal cord blood vessels in the dog and the rat, respectively. In the present study, amine histofluorescence and acetylcholinesterase (ACHE) staining were performed to elucidate the distribution pattern of nerve fibers along spinal cord blood vessels.
Materials and Methods
Twenty cats, each weighing 2 to 4 kg, were used for this study. Before each study, they were placed under pentobarbital anesthesia (Nembutal, 50 mg/kg, intraperitoneally) for 10 minutes.
Amine Histofluorescence Studies
Via the ascending aorta, the cats were perfused with 2000 to 4000 ml of a solution containing 2% glyoxylic acid and 10% sucrose buffered with 0.1 M phosphate buffer (pH 7.4, at 2 ~ to 4~ Immediately after perfusion, the spinal cord or spinal cord blood vessels were taken out, and processed by either the FalckHillarp freeze-dry method 13 or the glyoxyhc acid-perfusion method) , 4, 22 The Falck-Hillarp Freeze-Dry Method. After perfusion with glyoxylic acid, each segment of the spinal cord was frozen in liquid propane. The tissue pieces were freeze-dried for several days, treated with paraformaldehyde for 1 hour at 80~ and embedded in paraffin oil. The specimens so prepared were examined with a Leitz fluorescence microscope (Orthoplan) equipped with BG 38 and $405 excitation filters, a TK 455 dichromic mirror, and a K460 barrier filter.* Pictures were taken with Kodak Tri-X film and were developed with Kodak Microdol-X developer.JGlyoxylic Acid-Perfusion Method After perfusion with glyoxylic acid, the spinal cord blood vessels (anterior spinal artery, central artery, and posterior spinal vein) were dissected out under an operative microscope. The specimens were dried with a hairdryer for 5 minutes and heated in an oven at 95~ for 10 minutes. They were then coverslipped with paraffin oil and observed under a fluorescence microscope, as described above.
A cetylcholinesterase Staining
Cats were perfused via the ascending aorta with 2000 ml of a mixed solution of 4% paraformaldehyde and 0.5% glutaraldehyde buffered with 0.1 M phosphate buffer (pH 7.4, at 2 ~ to 4~ for 20 minutes. The spinal cord blood vessels were dissected out under an operative microscope, then processed for AChE reaction for 30 minutes at 2 ~ to 4~ according to the procedure of Karnovsky and Roots. 17 After the reaction, the specimens were dehydrated, coverslipped, and observed under a transmission light microscope.
Simultaneous Visualization
Imai, et al., ~4 recently devised a technique of simultaneously visualizing amine histofluorescence and AChE stain. This technique is briefly described as follows. After perfusion with 2% glyoxylic acid (buffered with 0.1 M phosphate buffer, pH 7.4, at 2 ~ to 4~ the spinal cord blood vessels were taken out.
* Leitz Orthoplan fluorescence microscope manufactured by Leitz Instruments, Ltd., 30 Mortimer Street, London, England.
J" Kodak Tri-X film and Microdol-X developer manufactured by Eastman Kodak, Rochester, New York.
The specimens were briefly rinsed in a 10% sucrose solution buffered with 0.1 M phosphate buffer (pH 7.4, at 2 ~ to 4~
and processed for AChE reaction for 30 minutes at 2 ~ to 4~ according to the procedure of Karnovsky and Roots. iv After rinsing in the 10% sucrose solution as mentioned above, the specimens were immersed in 2% glyoxylic acid solution containing 10% sucrose, buffered with 0.1 M phosphate buffer (pH 7.4, at 2 ~ to 4~ for 20 minutes. The blood vessels were then mounted on a glass slide without sectioning. The specimens were dried, heated, coverslipped, and observed under a fluorescence microscope and/or a transmission light microscope.
Results

Aminergic and A ChE-Positive Nerve Fibers
Anterior Spinal Artery. Aminergic nerve fibers were observed as green varicose fibers under a fluorescence microscope, and AChE-positive (probably cholinergic) fibers were brownish under a transmission light microscope. In the anterior spinal artery (100 to 200 /~m in diameter), many fibers of both kinds were found in the adventitia of the vessel wall. These two kinds of fibers ran in close proximity, mostly showing a spiral pattern. However, in some parts of the arterial wall they coursed separately. In the adventitia, they did not seem to show such a layered distribution as evidenced in the cerebral artery (Fig. 1) .
Central Artery. Branching from the anterior spinal artery, central arteries (30 to 50/~m in diameter) ran within the anterior median fissure. In this artery, green fluorescent aminergic varicose fibers coursed longitudinal to the long axis of the blood vessel. Aminergic fibers were fewer in this artery than in the anterior spinal artery (Fig. 2) .
Intraparenchymal Arteriole. After running up the anterior median fissure and perforating the parenchyme of the spinal cord, the central artery gave off T. Itakura a few intraparenchymal arterioles (20 to 30 /~m in diameter) which supplied most of the gray matter of the spinal cord. Even along these small arterioles, strongly fluorescent varicose aminergic fibers were observed, although they were fewer in number than those fibers in the central artery. The aminergic fibers on these arterioles were considered peripheral aminergic (sympathetic) nerves because the varicosity was quite large and intensity of fluorescence was very strong. These peripheral aminergic nerves supplying the intraparenchymal arterioles were the most characteristic features in the spinal cord blood vessels (Fig. 3a) .
Posterior but aminergic fibers were much fewer in number than in the anterior spinal artery. No AChE-positive fiber was seen in the spinal vein (Fig. 4a) .
Segmental Characteristics of Aminergic and A ChE-Positive Fibers
The distribution pattern and density of anterior spinal arterial aminergic and AChE-positive nerve fibers were studied in each segment of the spinal cord. In the cervical and lumbar segments, many aminergic and AChE-positive fibers were seen in the adventitia of the artery. The density of these nerve fibers was highest in the anterior spinal artery of the lumbar region, and lowest in the thoracic segment of the anterior spinal artery (Figs. 5 and 6 ).
Comparison with Cerebral Blood Vessels
Pial arterial aminergic and AChE-positive nerve fibers were fewer in number in the spinal cord than in the brain. In the anterior cerebral artery, the supply of both nerves was rich. These nerve fibers showed a layer distribution: a longitudinal pattern in the outer layer of the adventitia, a meshwork pattern in the middle, and a spiral pattern in the inner layer (Fig.  lb) . In contrast, these fibers were not distributed in layers in the spinal cord artery. The aminergic and AChE-positive fibers coursed quite close to each other in the spinal cord, as in the brain. In the venous system, no AChE-positive fiber was present in either the spinal cord or the brain. The number of aminergic fibers of the venous system was much smaller in the spinal cord than in the brain (Fig. 4) . The most characteristic difference recognized between the two organs related to the nerve supply of the intraparenchymal arterioles. Peripheral aminergic fibers with strong fluorescence and large varicosities were absent in the intraparenchymal arterioles of the cerebral cortex, whereas they were observed running along the intraparenchymal arterioles in the spinal cord (Fig. 3) .
Discussion
Some authors have performed experiments by means of topical application of noradrenalin, 6 and sympathectomy, 36 and have obtained data suggesting that the pial arteries of the spinal cord receive ncurogenic innervation. Ogushi ~ demonstrated noradrenalin-containing nerve fibers in the spinal artery of the dog. The present study clearly demonstrates that two kinds of nerve fibers, aminergic and ACHEpositive (probably cholinergic), are distributed in the spinal cord blood vessels. The density of these nerve fibers was high in the anterior spinal artery as compared with the other spinal cord blood vessels.
In the spinal cord, the arterial system has dual innervations of aminergic and cholinergic nerve fibers, as in the brain, but the venous system has only aminergic innervation. Some findings in the experiments done by microapplication of noradrenalin, s cervical sympathectomy, m2 and sympathetic stimulation 1,1s,19,~,35 suggest that the aminergic system in the blood vessels may play the role of a vasoconstrictor. In contrast, the cholinergic system may act as a vasodilator, 7,2a,3~ this is still controversial. 2~ It is quite interesting that the venous system in both brain and spinal cord receives no innervation from the cholinergic nervous system. This fact suggests that the veins in the central nervous system can actively constrict, but the mechanism of dilatation of the vein differs from that of the artery. Edvinsson, et al., s discovered nerve fibers, containing substance P and vasoactive intestinal peptide, in the cerebral veins, and showed that the microapplication of substance P and vasoactive intestinal peptide to the cerebral vein resulted in the dilatation of the vein. It can be postu-T. I t a k u r a lated, therefore, that the vein may be dilated under the control of the nerve fibers (which contain substance P and vasoactive intestinal peptide), without cholinergic control.
The most characteristic morphological difference of the neurogenic innervations between the brain and the spinal cord lies in intraparenchymal arterioles. The intraparenchymal arterioles of the spinal cord possess peripheral aminergic nerve fibers, while those of the brain do not. In the lower vertebrate, peripheral aminergic nerve fibers penetrate the cerebral parenchyme along the blood vessels. 15.31,32 This fact suggests that, as animals develop in terms of phylogenesis, they might lose the peripheral aminergic effect on the intraparenchymal blood vessels. Instead of the peripheral system, the central aminergic system (including the locus ceruleus) can play an important role in the microcirculation of the brain and spinal cord in developed animals.
The present work shows that the aminergic and cholinergic fibers were fewer in the thoracic segment than elsewhere in the spinal cord. It is well known that the thoracic spinal cord is most vulnerable to ischemia.21,37This vulnerability may be ascribed to the following factors: a poor vascular supply and the nearabsence of anastomosis, and an easily changeable hemodynamic stream in the anterior spinal artery at this level. The present study disclosed an additional factor responsible for this pathological condition: scarce supply of aminergic and cholinergic nerve fibers in the thoracic vascular system. The neurogenic control of the spinal blood flow might be less developed in the thoracic region than in any other spinal region.
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